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' Diagnostic test for Parkinson's disease detection 

The present invention is related to the diagnosis of Parkinson's disease and means 
for that purpose- 
Parkinson's disease (PD) is a progressive neurodegenerative disorder, with a 
prevalence of 1% in the population above 65 years of age, that results in degeneration 
of dopamine neurons in the substantia nigra (SN), and a consequent striatal dopamine 
deficiency [2]. The causes and mechanism for liie degeneration of dopaminergic 
neurons is still elusive. 

There have been, numerous hypotheses concerning the etiology of PD, includmg 
genetic aberrations, involvement of endogenous and exogenous derived neurotoxins 
and oxidative stress (OS) as a consequence of accumulation of reactive oxygen 
species (ROS). Many studies have been performed to identify gene mutations in PD, 
and some candidate genes, including siq>eroxide dismutase and catalase, have been 
excluded [24]. The first gene identified as directly involved in femilial form of PD is 
a-synuclein, coding for presynaptic protein that is defective in the disease [25,27]. 
Recently, a gene called Parkin, with structure similarity to ttie ubiquitin family of 
proteins, was found causing juvenile autosomal recessive form of PD [13]. Still, none 
of them was shown to play a common pathogenic role in idiopathic PD, since no 
mutations have been found in the sporadic form of the disease [26], which constitute 

*»»*»*'morethan'90% of the-individuals-affected.. -••.-r-%r- ,. v"-.-r«r, > v . .^ ... 

A new concept in Se etiology of PD is based on the stidy of 



down regulation of gene expression, which might increase the vidnerability of the 
neurons to cell death or even cause it. A number of recent studies have reported 
alterations in the expressions of various genes, such as a decrease in calcium-binding 
protein (28kDa calbiiidin-D) in the SN [10] and D3 receptor raRNA m lyn^hocytes 
[20] from PD patients. Three gene alterations in the N-methyl-4-phenyH, 2,3,6- 
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' glutamate decarboxylase mRNA in a subpopulatdon of neurons in the putamen of 
parkinsoman monkeys, which provides further evidence that striato-pallidal 
GABAergic neurons are hyperactive in MPTP-treated parkinsonian monkeys [31], 
The second was an increase in Bax mRNA expression (a cell death effector) in SN, 
with a concomitant increase in Bax immunoreactivity [9]. The third was an increase 
in the glutamate decarboxylase mRNA expression in a subpopulation of neurons in 
the putamen of Parkinsonian monkeys [31], as well as in adult rats striatum depleted 
of dopamine via 6-hydroxydopamine (6-OHDA), another animal model for PD, as 
neonates, with parallel increase in preproenkephalin and a decrease in 
preprodynorphin mRNA levels [15]. Fwthermore, an increase in interleukine-I beta 
(IL-lp) mRNA was also reported in methamphetamine treated rats [34], As well as 
toxic regimen of methamphetamine caused a significant increase in the pro-death 
Bcl-2 family genes BAD, BAX, and BID, Concomitantly, there were significant 
decreases in the anti-death genes Bcl-2 and Bcl-XL [4:,12]. Nonetheless, no global 
assessment of gene expression has been made in PD so far, that might- explain the 
genetic events occurring iQ nigro-striatal dopaminergic neurodegeneration. 

Current accepted clinical criteria for the diagnosis of PD, such as Unified 
Parkinson's Disease Rating Scale (UPDRS) [6]^ provide high sensitivity for detecting 
parkinsonism [3]. There are no sensitive and specific biochemical markers that can be 
used to reliably diagnose clinical and especially preclinical PD. It is now known that 
some PD kindreds have a mutation of the a-synuclein gene» but this cannot be used 
as a genetic marker for most familial and sporadic cases. 
' ;.V;.-.: A ftirther approach in the diagnosis of PD-is functional imaging, which provides. a 
means of discriimnating typical j&om atypical PD, revealing characteristic patterns of 
loss of dopaminergic function. Iti addition, positron emission tomography (PET) and 
single photon emission tomography (SPECT) show preserved levels of striatal 
metabolism and dopannne receptor binding in PD, whereas levels are reduced in the 
atypical variants [3]. Still these tools do not give us an exact diagnosis of PD, often 
experts in PD changed their diagnoses infrequently during the 7,6-year follow-up 
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More over, all these diagnostic methods are able to detect subjects with PD only 
after nearly 70%. of the nexirons have been degenerated, as only at this point 
symptoms appears [35]. This of conrse^ makes treatment and may be even rescue of 
the neurons nearly in^ossible. In view of this, it is desirable to diagnose the disease 
at an early stage and for this reason, it is important to develop an early diagnostic 
method. 

The problem underlying the present invitation is the fact, that no early diagnostic 
method in patients exists, which can be used for monitoring of PD at an early stage, 
before damage of neurons occurred and typical symptoms appeared [3]. It is most 
important to find an easy diagnostic tool for PD in biological material, as it will 
provide to treat before the symptoms occur. The test should be specific and sensitive 
and easy to perform. 

There are already many drugs that show neuroprotective effects in vitro and in vivo 
[5,7,8,14,21,22,28,29,32]- Additionally, gene therapy was shown to be most 
successful in delaying the neurodegenerative process [1,16-19,23,30,33]. The 
problem is, that these methods did no show any success in patients with PD, because 
the beginning of therapy is to late, the nuijiber .of surviving neurons is too small. 
Therefore, an early diagnosis may. provide a better time point for the submission of 
therapeutic strategies who can protect against the cell death occurring and to prevent 
the progress of the disease, 

- . The problem.underlying . th^ by the use of a diagnostic 

test, whereby the test comprises the gene expressioil' patt^^rHS^tf^^^ 
with or without their combination. 

The inventors have found 54 gene candidates (Table 1) encoding for specific 
proteins, which shows an increase or a decrease of expression in PD comparing to 
control. Using these gene patterns as molecular markers^ single or in combination, a 
specific and sensitive method is created for early detection of individuals, who will 
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' Comparing to the methods used today, this method has the advantage not to use rare 
genetically mutations or familial history of the disease, but rather use general gene 
expression changes which occur also in sporadic PD. These gene expression 
alterations may be caused not only as a consequoice of specific genetically 
backgroimd, but also of environmental background. Therefore, this method will 
detect not only patients who have gene mutations, but also the sporadic patients very 
early in the development of the disease. 

The invention will provide for thie first time the possibility to have an early diagnostic 
way for PD before the symptoms appear. 

The problem underlying the present invention is solved by the determination- of gene 
expression pattern by extraction of RNA from biological material, preferably blood 
san^les or biopsy samples of sldn. The RNA will be isolated rapidly by a 
commercial available Kit. The RNA will be tested through hybridization to a 
customized GeneChip array containing the 54 selected genes and relevant house- 
keeping genes serving for normalization, or by . means of Real-time-reverse- 
transcription-PCR for each of the 54 genes. The gene expression pattern will be 
determined via comparison to the expression of positive and negative control RNA 
(with de-novo PD and healthy subjects, respectively). The pattern of the gene 
expression received via one of the techniques . should be similar to the pattiem 
described in. table 1 in order to define the subject as PD patient. 
Polypeptides, proteins and derivatives coded by up to 54 genes, which are increased 
,, — „ . . -or-decreased,in,PD.patientsj;ompaaL^ used as markers in 



a test, performed in biological material, preferably in BloodrTliis"test*m'ttoSd-'f^^^^ 
and rapidly to do and relative inexpensive. 



II *S iSOSTe-lBGO 3winqzjnp| tun BfrsST irOOa uec SI 



89:81 l?002/lO/6i:H9z-;tciug 




i£.209Te-IB60 



810' d m^:'-^^'m 



89:81 t?00S/l0/6l : H^z" m 



vo 




ei'S.. Z.209ie-TE60 Sjnqzjrjn I "n BfriET IrOOZ uep 6T 



nO'd S69:"^^':^d«^3 69:81 17002/10/61 :iT^2-^dag 




djnqzunn tun OS^CI '1^002 uec 61 



179:81 1?002/10/61 : ^92- ^cBug 



oo 




d^209ie- IB60 



ON 




i! i. >n . ii ^»i iS. .fta 



LIO'6 S69:"Ju-j.cnu3 



l79:8l mz/l 0/61 : ^ i 



o 



43 

O 
o 

1 



o 



I 



I 
I 



§ 



u ?3 S 



.1 



i 



3 1 

S S til £ 

officii 



3 u 1 

ca uj =3 g a 
o w £ C 

pip 
illii 

i 




Q> Q 0, Q e 



I 



ill 



CO £ , 



O to 

is oj 

|1> o 
o. S 

if 



i.S. 



1 



1 



UJ 



ii 



ill 



ill 

!2 i t 



i4 o ^ ST 



£ z S S oc 
Ess Q ?- 



^ £ g g 

Z lS B Q. ■< 



.s s 



i 



i Vj 4 !i4» ft 'w t i' iiaj' i ' ij i ii:<Utf-><iiij 



ii -s 



£.2D3Te-TBB0 



QS^ei irOOS UBC BI 



810- d ^69:•Ju■:^d^ 



179:81 mz/iom m 




^-S igOSTe-IESQ Swinqzjnn lun OS SET frOOS "^r 61 



610-d ZS^y^^'m 99:81 l?OOS/lO/6i:M92-m 



References: 

[I] Azzouz, M., Martm-Ilendon, E., Barber, R,D., Mitrophanous, K.A., Cartet, E.E,, RohU, X.B,, Kingsraan, S.M., 
Kingsman, A.J» and Mazaralds, N.D., Multicistronic lenti viral vector-mediated striatal gene transfer of 
aromatic L-amino acid decarboxylase, tyrosine hydroxylase, and GTP cyclobydrolase I induces sustained 
transgene expression, dopamine production, and functional in^rovcment in a rat model of Parkinson's disease, 
JNeuroscU 22 (2002) 10302-12. 

[2] Beroheimer, H., Birkmayer, W., Homykiewicz, O., JelUnger, K. and Seitelbergqr, Brain dopamine and the 
syndromes of Parkinson and Hxmtington. Clinical, morphological and neurochemical corTelations> J Neurol 
iSc*, 20(1973)415-55. 

[3] Brooks, D J., The early diagnosis of Parkinson's disease, Ann Neuroly 44 (1998) SlO-8. 

[4] Cadet, Jayanthi, S., McCoy, M,T., Vawter, M. and Ladenheim. B-, Temporal profiling of 

methazr^betamine-induced changes in gene expression in the mouse brain: evidence from cDNA array. 

Synapse, 41 (2001) 40-8. 

[5] Dmkarch, B, and van Muiswinkel, FX,, Neuroprotection for Parkinson's disease: a new approach for a new 

miUennium, Expert Opin Investig Drugs, 10 (2001) 1855-68. 
[6] Fahn, S., Elton, R. and committee, m.o.t.U,d., Unified Parkinson's disease rating scale. In S. Fahn, C, Marsden 
• ' and M. Goldstein (EdsO> Recent developments in Parkinson's disease, Macmillan, New York, 1987, pp. 153- 
167. 

[7] Grunblatt, E., Mandel, S., Maor, G. and Youdim, M,B., Effects of R- and S-apomoiphine on MPTP-induced 

nigro-striatal dopamine neuronal loss^ J Neurochem, 77 (2001) 146-56. 
[8] Gnmblat^ E., Schlosser, R, Gerlacb, M. and Riedcrer, P., Preclinical versus clinical neuroprotection, Adv 

Neurol, 91 (2003) 309-28. 

[9] Hassouna, I„ Wickerr, H., Zimmennaim, M- and Gillardon, F., Increase in bax expression in substantia nigm 
following l-methyl-4-phenyl-l,2.3»6-tetrakydropyridine CMPTP) treatment of mice, Neurosci Lett, 204 (1996) 
85-8. 

[10] lacopinp, A.M. and Christakos, S., Specific reduction of calcium-binding protein (2S-kilodalton calbindin-D) 
gene expression in aging and neurodegenerative diseases, Proc Natl Acad Set USA,%1 (1990) 4078-82, 

[I I] . JankoviCa J., Rajput, A.H„ McDermott, M.P. and Perl, D.P„ The evolution of diagnosis in early Parkinson 

disease. Parkinson Study Group, Arch Neurol, 57 (2000) 369-72. 
[12] Jayantbi, S., Deng, X., Bordelon, M., McCoy, M.T. and Cadet> J.L-, Methknphetamine causes differential 

regulation of pro-death and and-death Bcl-2 gencS in ihe mouse neocortex, Faseb J, 15 (2001) 1745^52. 
[13] Kitada, T., Asakawa, S., Hattori, N., Matsunaine, H., Yamamura, Y., Minoshima, S., Yokochi, M., Mizuno, Y. 

and Shimizu, N., Mutations in the parkin gene cause autosomal recessive juvenile parkhisomsm» Nature^ 392 

(1998)605-8. 

[14] KoUer, W,C., Treamient of early Parkinson*s disease. Neurology^ 58 (2002) S79-86. 

[15] Lapradc, K. and Soghomonian, J J„ Gene expression of the GAD67 and GAD65 isoforms of gjutamate 

decarboxylase is differentially altered in subpopulations of striatal neinons in adult rats lesioncd with 6-OHDA 

as neonates. Synapse^ 33 (1999) 36-48. 
[16] Le, H.N. and Frim, D.M., Gene (herapy for Parkinson's disease. Expert Opin Biol ITier, 2 (2002) 151-61. 
[17] Luo, J„ KapKtt, M.G., Fitzsimons, HX., Zuzga, D.S., Liu, Y., Oshinsky, MX. and During, MJ„ Subthalamic 

GAD gene therapy in a Parkinson's disease rat model. Science, 298 (2002) 425-9. 
[18] McBride, JX. and Kordower, J.H., Neuroprotection for Parkinson's disease using viral vector-mediated 

delivery of GDNF, Prog Brain Res, 1 3 8 (2002) 421 -32 . 
[19] Monville, C., Gene therapy in Parkinson's disease: dream or realit>-?, Neuroreport^ 13 (2002) 743. 
[20] Nagai, Y,, Ueno, S., Saeki, Y., Soga, F., Hirano, M. arid Yanagihara, T., Decrease of the D3 dopamine receptor 

mRNA expression in lymphocytes from patients with Parkinson's disease. Neurology, 46 (199^ 79 1-5. 
[21] Olanow, C, Jenncr, P. and Brooks, D., Dopamine agonists and neuroprotection in Parkinson's disease. In C. 
"7. ' Qlandw midP-Veiuifcf (Eds.), .Scyottrf the decade of ihe Brain, Neuroprotection in Parkinson's disease. Vol 5, - 

' ' ''' ' , , , , , „ , n , nn ., nnh, , r . . .■■ .TH ^n . . r^ > ^ ,f^ 

[22] Olanow. C, Jeimer, P. and Youdim, M„ Neurodegeneration and neuroprotection in Parkinson's disease^ 

Academic Press, London, 1996. 
[23] Olanow, C.W», Siu:gical therapy for Parkinson's disease, Eur J Neurol, 9 Suppl 3 (2002) 31-9. 
[24] Parboosingh, J.S., Rousseau, M., Rogan, F-, Amit, Z„ Chcrtkow, H., Johnson, W.G., Manganaro, F., Schipper, 

H.N., Curran, T.L, Stoessl. J. and et al.. Absence of mutations in superoxide dismutase and catalase genes in 

patients with Parkinson's disease, ^rc/t Neurol^ 52 (1995) 1160-3. 
[25] Folymeropoulos, M.H., Autoson^ dominant Parkinson's disease and a^ha-synuclein, Ann Neurol, 44 (1998) 

S63-4. 

[26] Polymexopotilos, M.H., Genetics of Parkmson's disease, Ann N YAcad Sci, 920 (2000) 28-32. 

[27] Polymeropoulos, M.H., Lavedan, C, Leroy, E., Ide, S.B., Dchejia, A., Dutra, A., Pike, B., Root, H., 

Rulsenstein, L, Boyer, R., Stenroos, E.S., Chandrasekharappa, S., Athaaiassiadou, A., Papapetropoulos, T,, 
iiMii i T ii i i^S li^gSiff'i^'^V iMi?^^ Duvoisin, R.C„ Di Torio, G., Golbe, L.I. andNussbaum, R.L., Mutation in the 



61 'S 



i^aosie- IC60 



3jnqizjnpj xupi IS SET i^OOS UBr BT 



020" d 269:"-JU"J-cii"3 



99:81 17003/10/61 :H92*J.ciui3 



[28] jRiederer. P.. Gille, G., Muller, T., Przmitek, H., Reichmann, H., Riess, O., Schwartz, A., Schwarz, J. and Vogt. 

T., Practical impoxtance of neuroprotection in Parkinson's disease, J Neurol^ 249 {2Q02) III53-III56, 
[29] Hicderer, P.^, Sian, J, and Gerlach, M„ Is there nenropiotcction in Parkinson syndrome?, J NeUroI^ 247 (2000) 

IV/8-U. 

[30] Senior, K., Gene Iherapy for Parkinson's disease, Drug Discov Today, 7 (2002) S8-9. 

[31] Soshomonian, JJ. and Laprade, N., Glutanaate decarboxylase (GAD67 and GAD65) gene eTqjression is 

increased in a subpopulation of neurons in the piitamen of Parkinsonian monkeys^ Synapse, 27 (1997) 122-32. 

[32] Soto-Otero* R., Mcndez-Alvarez, E., Hemuda-Ame^'eizas^ A., Lopez-Rcal, A.M., Labandeira-Qaicia, IX., 
Dajas, P., Costa, G„ Ahin-Carriqmry, J-A.^ McGregor, R„ Urbanavicius» J., Mitsuoka, T., Kaseda, Y., 
Yanzashita^ H., Kohriyama, T., Kawakami, H., Nakamura, S,i Yaxnannxra, Y,, Allam, M.F., Ross, G.W., 
Petrovitch, H,, Belluaxdo, N», Mudo, G., Blum, M., Aniato, G., Puxe, K., Quft; M. and Jeyarasasingam, G., 
Effects of (-)-nicotioe and C-)-cotinine on 6-hydroxydopaniine-induced oxidative stress and neurotoxicity: 
relevance for Parkinson's disease 

Involvement of nicotinic acetylcholine receptors in the protection of dopamine termiiials in experimental 
parksnsonism 

Effects of nicotine chewmg gum on UPDRS score and P300 in early-onset parkinsonism 
• * Transdermal nicotine in PD: a randomized, double-blind, placebo-controlled study 

Current evidence for neuroprotective effects of nicotine and caffcinVagainst Parkinson's disease . 
Neurotrophic eilfects of central nicotinic receptor activation 

Nicotine prevents striatal dopaxuine loss produced by 6»hydroxydopaniine lesion in the substantia nigra 

Nicotinic receptors and Parkinson's disease, Biochem Pharmacol^ 64 (2002) 125-135. 
(331 Tencnbama, L., Chtarto, A., Lehtonen, E., Blum, D., Badkelandt, V., Velu, T., Brocchi, J- and Levivter, M., 

^Jeviroprotective gene ^erapy forPaxldnson*s disease, Curr Gene liter, 2 (2002) 451-83. 
{34] Yaraaguchi, T., Kuraishi, Y., Minami, M., Nakai^ S., Hiral Y. and Satoh, M., Methamphetamiae-indiiced 

expression of interleukin-l beta inKNA in the rat hypothalamus, Neurosci Lett, 128 (1991) 90-2. 
pS] Zigmond, M. J.j Berger, T.W., Grace, A- A. and Strieker, E.M., Compensatory responses to nigrostriatal bundle 

injury. Studies mth 6-hydcoxydopamine ini an animal model of parkiosonism, Mol Chem Nauropathol, 10 

(1989)185-200. 




02 -S 



i309TB-IEB0 



l30-clS6g:--Ju-^c«ug 99:81 i?00S/lo/6i:H92-^dug 

Claims 

1. Use of molecular markers for Parkinson's disease, whereby the markers 
Qcmprise genes described in table 1 as chemokines (C-X-C motif) ligand 2; 
chemokines (C-X-C motif) Hgand 6; chemokines (C-X-C motif) ligand 7, 
chemokines (C-X-C motif) ligand 9; chemoldnes (C-X^C motif) Ugand 13, 
chemokine (C-C motif) receptor Uke 1; chemokine (C-C motif) ligand 2, 
chempkine (C-C motif) ligand 14; chemokine (C-C motif) ligand 16, chemokine 
(C-C motif) ligand 23; chemokine (C-C motif) ligand 27, chemokine (C motif) 
ligand 1; interlevadn 10, interleuldn alpha 1; interleuldn 4, interleukin 18; 
interleukin beta 8 receptor, interleukin 21 ; interleukin alpha 13, interferon alpha 
13; tumor necrosis factor receptor superfemily member 21; platelet-activating 
... factor receptor; tachykmin receptor 1; S-phase kinase-associated protein lA; 
ubiquitin specific protease 9 Y chromosome; heat .shock 70 kDa protein 8; 
syntrophin beta 1; syntaxin 6; RAB3B; RAB35; nucleoporin 155 kDa; solute 
carrier family 1 8 member 2; solute carrier family 22 member 4; cdatomer protein 
complex subunit zeta 2; calcium-sensiiig receptor; glutamate receptor; dopamine 
receptor D3; discs large (Drosophila) homolog 3; insuhn promoter factor 1; 
peroxisome proUferative activated receptor gamma; gene named with the gene 
bank code: NM 020415.2; presenilin 2; transthyretin; gene named with the gene 
bank code: AB036432.1; glucosamine (N-acetyl)-6-sulfatase; fibroplast growth 
factor receptor 4, heparin-binding growth factor binding protein; 
phosphoinositide-3-kinase delta polypeptide; phosphoinositide-3 -kinase gamma 
i^l;^:::^p:i^pyri/i..:lgrnw^^ gyowfe factor; nuclear 

factor of kappa light polypqptide gene enhancer in B-cells 2; nitric oxide 
synthase 2A; v-fos FBJ murine osteosarcoma viral homolog. 

2. Use of molecular markers for detection of Parkinson's disease, whereby the 
----«^^martes,SS©PBg£^^?S^S4^.^SS ^^^^ ^' 
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3. Use of molecular markers for detection of Parkinson's disease, whereby the 
markers comprise proteins and derivatives thereof expressed by the genes in 
claim 1. 

4. A method for using molecular markers single or in combination (claim 1-3) to 
detect Parkinson disease . 

5. A diagnosis test for Parkinson*s disease comprising molecular markers (claim 1- 
3) single or in combination. 
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Diagnostic test for Parkinson's disease detection 



Abstract 

The present invention is related to a diagnosis test for Parkinson's disease detection at 
an early stage, whereby the test comprises as molecular markers 

a) gene expression alterations of up to 54 genes 

b) polypeptides and/or proteins expressed by one or more of the 54 genes. 
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